If the chargeability of a buried target is not infinitesimal, the popularly used low chargeability approximation formulated by Seigel (1959) can produce large errors in the computation of apparent polarizability spectra. A more accurate alternative approximation, based on a complex, frequency dependent "dilution factor" is presented. It turns out that for dispersions of the minimum phase shift type this approximation can be somewhat simplified and that for targets with such a dispersion, buried in a nondispersive host rock, the apparent log-phase spectrum is only slightly different from a vertically shifted version of the true phase spectrum of the target.
INTRODUCTION
The apparent polarizability of a slightly polarizable target buried in a nonpolarizable medium may be approximated as the product of its true polarizability and a factor which has been called the "dilution factor." This simple relationship has been widely used by geophysicists to calculate apparent chargeability m (Seigel, 1959) , or apparent PFE (Pelton et al, 1978) , or the time-domain voltage response of a ground to an infinitely long charging current switched off at t = 0.
LOW CHARGEABILITIES
In reviewing the basic macroscopic theory of induced polarization, Wait (1981) dealt with this approximation and made the point that this is a first-order theory valid only for small chargeabilities.
Following Wait (1981) , let the complex, frequency dependent apparent resistivity P,(w) as a function of the angular frequency w be written Lb) = P,(W + &zwl, In P, B = 3 *n P, 3 In p,' 2 dlnp, h-b = P.(&%T J"P*),
it is easily shown that B, + B, = 1. The formulation is easily extended to the case involving more than two regions. I shall refer to the standard approximation represented by equation (6) as Approximation I. mation II leads to this relationship being valid for t = 0 after switch off and for no other later value oft. Pelton et al (1978) used this approximation in a somewhat different form. For a nonpolarizable surrounding medium, they stated that the slope of the plot of log (modulus) of apparent resistivity is, at every frequency, B, times the corresponding plot for the true resistivity of the target. This result may be obtained, for low vaues of 6, (w), as follows.
From equation (6) To examine what happens with moderate polarizabilities, one can take higher order terms of equation (4) and, using the mixed and higher order derivatives obtained from the dc solution, compute the apparent p,.
The coefficients involving mixed and higher order derivatives were called "distortion factors" by Wait (198 1). These are real constants which need to be evaluated afresh for every pair of p,(O) and p2 (0) along with the dilution factors.
In the following I present a somewhat different formulation in which the complex resistivity of the target is normalized by dividing by the complex resistivity of the host. I use the scaling law expressed by equation (8) which means that all EM inductive effects are overlooked.
Such a formulation allows one to see some interesting results applicable to complex resistivities of the minimum phase shift type. Furthermore, for a given target geometry, the dc solution needs to be worked out only once over a relevant range of the ratio of target-to-host resistivities in order to compute the complex apparent resistivity quickly for any given combination of complex host and target resistivities. This also produces more accurate results for comparable computation efforts using equation (4).
Using l/p, for h in equation (8) 
In (pa/pi) = In S = 7' .
Expanding T as a Taylor series around uR , For a complex function of frequency which asymptotically attains constant values of modulus at zero and infinite real frequencies, a necessary and sufficient condition for its being of the minimum phase type is that the net phase change from zero to infinity is zero (Bode, 1957) . If p, and p2 are of the minimum phase type, approaching constant moduli at o = 0 and w = co, the complex dilution factor B also approaches real constant values at w = 0 and o = co. As a function of frequency, B(w) is therefore of the minimum phase type.
So are p,(o) and T(o).
In practice, induction and propagation prevent any polarizable ground from behaving like a truly minimum-phase system. The assumption of minimum-phase p,, p2, p,, etc. implies that all phase angles over the frequency range of our concern are due to polarization and are undisturbed by induction or propagation effects. I tacitly assume this to be true.
The phase angle and imaginary part of a minimum-phase function are uniquely related to the frequency dependence of its modulus and real part, respectively. for the two cases. It is clearly seen that dilution affects the peaking frequency of the imaginary part spectrum much more than that of the phase spectrum. This is true, in spite of the large value of m, because the assumed dispersion is of the minimum phase type. However, this is just the opposite of what Approximation-I leads one to believe.
Since dilution is seen to affect the shape of the log-phase spectra only slightly for minimum phase type target dispersions, the apparent phase spectrum should prove to be useful in attempts at mineral discrimination (19) respectively. This involves the computation of first and second derivatives of log p,, with respect to log r, for a set of real r, and is easily done by using the dc solution for the given geometry.
CONCLUSIONS
If, as usual, the dispersion characteristics of the target are of the minimum phase type, one can expect that with a nondispersive host ground the observed log-phase spectrum is nearly the same as a vertically shifted version of the true phase spectrum even for moderately large polarizabilities. If the host is also dispersive a weighted summation of the ?wo-phase characteristics is a fair approximation.
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